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A .  INTRODUCTION 

As m e n t i o n e d  i n  e a r l i e r  r e p o r t s  and l e t t e r s ,  Dr. P a r i s  was 

on l e a v e  f rom L e h i g h  U n i v e r s i t y  Sep tember  1 ,  1964 t o  Sep tember  1 ,  

1965.  D u r i n g  t h a t  p e r i o d ,  Dr. F .  P .  Beer, Head of  Mechan ics ,  a c t e d  

a s  A d m i n i s t r a t o r  o f  t h e  g r a n t ,  and Dr. P a r i s  r e tu rned  p e r i o d i c a l l y  

t o  Leh igh  t o  d i r e c t  t h e  work. 

D u r i n g  t h e  p e r i o d  of Dr. P a r i s ' s  a b s e n c e ,  t h e  work p r o g r e s s e d  

w e l l ,  a s  e v i d e n c e d  by Dr. H e r t z b e r g ' s  r e c e i v i n g  t h e  P h . D .  d e g r e e  and 

Mr. Linder rece iv ing  h is  M.S. d e g r e e  b o t h  i n  t h e  summer o f  1965 .  

However,  upon Dr. P a r i s ' s  r e t u r n ,  no r e s e a r c h  a s s i s t a n t  was a v a i l a b l e  

f o r  c o n t i n u e d  work under  t h e  g r a n t .  Dr. P a r i s  d i d  c o n t i n u e  h i s  i n -  

d i v i d u a l  s t u d i e s  u n d e r  t h e  g r a n t  t h r o u g h  J u n e  1966 and Dr. Makoto 

I s i d a ,  V i s i t i n g  P r o f e s s o r  of  Mechanics  a t  Leh igh  U n i v e r s i t y ,  s p e n t  

t h e  p e r i o d  F e b r u a r y  t h r o u g h  J u n e  1966 work ing  on t h e  r e s e a r c h  under 

t h i s  g r a n t .  Moreove r ,  an u n d e r g r a d u a t e  r e s e a r c h  p a r t i c i p a n t ,  Mr. 

F r a n c i s  Wei skopf ,  s p e n t  p a r t - t i m e  ( a b o u t  8 h o u r s / w e e k )  d u r i n g  t h e  

S p r i n g  of  1966 on g r a n t  work,  was r e a p p o i n t e d  i n  A u g u s t  o f  1966 and 

i s  c o n t i n u i n g  his  work under t h i s  g r a n t .  ( D u r i n g  t h e  p e r i o d  June 

, 



t h r o u g h  A u g u s t  1 9 6 6 ,  Mr. Weiskopf c o n t i n u e d  h i s  g r a n t  work u n d e r  t h e  

s u p p o r t  o f  an N.S .F .  Summer U n d e r g r a d u a t e  R e s e a r c h  P a r t i c i p a t i o n  

G r a n t ) .  

Moreover ,  t hough  Mr. L i n d e r  l e f t  t h e  u n i v e r s i t y  upon r e c e i v i n g  

his  M.S., Dr. H e r t z b e r g  was a p p o i n t e d  A s s i s t a n t  P r o f e s s o r  o f  M e t a l -  

l u r g y  and M a t e r i a l  S c i e n c e  a n d  D i r e c t o r  o f  t h e  Mechan ica l  B e h a v i o r  

o f  M a t e r i a l  L a b o r a t o r y  o f  the  M a t e r i a l s  R e s e a r c h  C e n t e r  o f  Lehigh  i n  

S e p t e m b e r  o f  1965 and h a s  c o n t i n u e d  h i s  own work under t h e  g r a n t  o f  

o t h e r  f u n d s .  He has  had a P h . D .  c a n d i d a t e ,  Mr. Weber, working  on 

t h i s  c o n t i n u a t i o n  a t  h i s  t h e s i s  work.  R e c e n t l y ,  Dr. H e r t z b e r g  re-  

c e i v e d  an N.S.F.  G r a n t  t o  s u p p o r t  f u r t h e r  t h e  c o n t i n u a t i o n  of  h i s  

p a r t  o f  t h e  work a t  no c o s t  t o  N.A.S.A. 

Moreove r ,  an e a r l i e r  P h . D .  r e c i p i e n t  u n d e r  t h i s  g r a n t ,  Dr. 

J .  R .  R i c e ,  i s  now A s s i s t a n t  P r o f e s s o r  a t  Brown U n i v e r s i t y  and i s  

a l s o  c o n t i n u i n g  h i s  work under t h e  g r a n t .  T h e r e f o r e ,  a l t h o u g h  t h e  

g r a n t  work may a p p e a r  t o  be s low i n  t e r m s  of  e x p e n d i t u r e  r a t e ,  the  

r e s e a r c h  i t  has  spawned u n d e r  o t h e r  f u n d s  i s  c o n t i n u i n g  a t  a h i g h  

p a c e .  

B e g i n n i n g  w i t h  September  1 9 6 6 ,  a G r a d u a t e  R e s e a r c h  A s s i s t a n t ,  

Mr. H i r o s h i  T a d a ,  has  been a p p o i n t e d  under  t h e  g r a n t .  Mr. Tada h a s  

an M.S. degree from U n i v e r s i t y  of  Tokyo d u r i n g  which h i s  r e s e a r c h  was 

on c r a c k  a r r e s t o r s  which makes h i m  v e r y  w e l l  q u a l i f i e d  t o  a i d  i n  

c o n t i n u a t i o n  o f  t h e  g r a n t  w o r k .  

I n  a c c o r d a n c e  w i t h  a l e t t e r  d a t e d  A u g u s t  8 ,  1966 u n d e r  t h e  
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s i g n a t u r e  o f  Dr. Holloway o f  N.A.S.A., t h e  g r a n t  p e r i o d  i s  e x t e n d e d  

t o  J u n e  30 ,  1967 w i t h i n  t h e  amount o f  f u n d s  p r e v i o u s l y  o b l i g a t e d .  

As o f  Sep tember  3 1 ,  1966 ,  a b o u t  $11 ,000  r ema ined  unexpended o f  t h e  

t o t a l  o f  $73 ,000  p r o v i d e d  under  t h i s  g r a n t .  These r e m a i n i n g  f u n d s  

w i l l  be used t o  s u p p o r t  t h e  s t i p e n d s  o f  Mr. Tada and Mr. Weiskopf 

and t h e  c o s t s  of  t h e i r  r e s e a r c h  and Dr. P a r i s  i s  d o n a t i n g  h i s  o w n  

e f f o r t s  t o  t h e  p r o j e c t  a s  p a r t  o f  L e h i g h ' s  c o n t r i b u t i o n  t o  t h i s  

g r a n t .  

B .  RESULTS TO D A T E  

I n  a d d i t i o n  t o  r e p o r t s  p r e v i o u s l y  men t ioned  i n  p r o g r e s s  r e -  

po r t s  and c o r r e s p o n d e n c e  w i t h  N . A . S . A . ,  t h e  f o l l o w i n g  p u b l i c a t i o n s  

have  been f o r t h c o m i n g :  

( 1 )  Dr. P a r i s  t r a v e l l e d  t o  t h e  I n t e r n a t i o n a l  C o n f e r e n c e  

on F r a c t u r e  i n  S e n d a i ,  J a p a n ,  i n  Sep tember  1965 t o  

p r e s e n t :  

"The A p p l i c a t i o n  o f  E l e c t r o n  F r a c t o g r a p h y  and F r a c t u r e  

Mechanics  t o  F a t i g u e  Crack  Growth" ,  by R .  W .  H e r t z b e r g  

and Paul  C .  P a r i s ,  P r o c e e d i n g s  o f  t h e  I n t e r n a t i o n a l  

C o n f e r e n c e  o n  F r a c t u r e ,  S e n d a i ,  J a p a n ,  1965 .  

The p r o c e e d i n g s  a r e  e m i n e n t l y  due  t o  be f o r m a l l y  p u b -  

l i s h e d  w h e r e u p o n  r e p r i n t s  w i l l  be f o r w a r d e d  t o  N . A . S . A .  

a s  d i r e c t e d  under  t h i s  g r a n t .  

( 2 )  Dr. H e r t z b e r g  p r e s e n t e d  a t  t h e  A.S.T.M. Annual M e e t i n g s  

Symposium o n  F a t i g u e  Crack  Growth i n  J u n e  o f  1966 ( o f  
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which b o t h  Dr. P a r i s ,  P r i n c i p a l  I n v e s t i g a t o r ,  and 

Mr. H a r d r a t h  of  N . A . S . A . ,  t h e  G r a n t  M o n i t o r ,  were 

on t h e  O r g a n i z i n g  Commit tee)  t h e  p a p e r :  

" F r a c t u r e  S u r f a c e  Appea rance" ,  by R .  W .  H e r t z b e r g ,  

t o  be p u b l i s h e d  i n  a n  A.S.T.M. Symposium Volume, 

S T P  415 ,  1967 .  Reprints  o f  t h i s  p a p e r  w i l l  be f o r -  

warded t o  N.A.S.A. a s  soon  a s  t h e y  a r e  r e c e i v e d .  

N O T E :  P u b l i c a t i o n s  ( 1 )  and ( 2 )  c o v e r  Dr. H e r t z b e r g ' s  

P h . D .  work and some f o l l o w - u p  work so t h a t  s u f f i c i e n t  

p u b l i c a t i o n  o f  t h a t  p a r t  o f  t h e  g r a n t  work i s  now 

c o m p l e t e l y  a c c o m p l i s h e d .  

( 3 )  Dr. P a r i s ,  d u r i n g  t h e  p e r i o d  i n  which h i s  s o l e  r e s e a r c h  

s u p p o r t  was u n d e r  th i s  g r a n t ,  worked on a p a p e r  r e l a t e d  

t o  t h e  g r a n t  work a n d  i t  h a s  been p u b l i s h e d .  I t  i s :  

" O n  C r a c k s  i n  R e c t i l i n e a r l y  A n i s o t r o p i c  B o d i e s " ,  by 

G .  S i h ,  P .  P a r i s  and G .  R .  I r w i n ,  I n t e r n a t i o n a l  J o u r n a l  

o f  F r a c t u r e  Mechan ics ,  Vol .  1 ,  No. 3 ,  1966 .  

S i n c e  t h e  p a p e r  i s  n o t  d i r e c t l y  g r a n t  work,  r e p r i n t s  

have  n o t  been s e n t  t o  N.A.S.A. t o  d a t e .  Moreove r ,  t h e  

r e p r i n t s  a r e  i n  short s u p p l y  s o  t h e  f i v e  a r e  t r a n s m i t t e d  

h e r e w i t h  and one  w i l l  be s e n t  t o  t h e  G r a n t  M o n i t o r ,  Mr. 

H a r d r a t  h . 

(4) I n  t h e  same symposium volume m e n t i o n e d  i n  R e f e r e n c e  ( 2 ) ,  
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Dr. J .  R .  R ice  (now o f  Brown U n i v e r s i t y )  i s  p u b l i s h i n g  

some h e r e t o f o r e  u n r e p o r t e d  r e s u l t s  which he o b t a i n e d  

i n  c o n j u n c t i o n  w i t h  t h i s  g r a n t ,  a s  w e l l  a s  o t h e r  r e -  

s u l t s  he has  o b t a i n e d  i n  a f o l l o w  on e f f o r t .  

No r e p r i n t s  o f  h i s  work w i l l  be s u p p l i e d  t o  N . A . S . A .  

u n d e r  t h i s  g r a n t ,  b u t  t h e  " s p i n o f f "  i s  t h o u g h t  a t  

l e a s t  wor thy  o f  ment ion  he re in .  

Other  g r a n t  work now comple t ed  i s  b e i n g  w r i t t e n  o r  r e -  

w r i t t e n  i n  a form s u i t a b l e  f o r  p u b l i c a t i o n  a s  a N . A . S . A .  

document ( n o t e  or r e p o r t )  o r  f o r  p u b l i c a t i o n  i n  a 

t e c h n i c a l  j o u r n a l .  These  i n c l u d e :  

( 1 )  T h r e e  r e p o r t s  by Dr. Makoto I s i d a ,  w r i t t e n  a s  h i s  con-  

t r i b u t i o n  t o  t h e  g r a n t  w o r k ,  e n t i t l e d :  

( a )  " S t r e s s  I n t e n s i t y  F a c t o r s  f o r  a F i n i t e  Crack 

Approaching  t h e  Boundary Between J o i n e d  Hal f  

P l a n e s  o f  D i s s i m i l a r  S t i f f n e s s " .  

( b )  " S t r e s s  I n t e n s i t y  F a c t o r s  f o r  C e n t r a l  C r a c k s  i n  

P e r i o d i c  S t r i p s  J o i n e d  by Uncracked S t r i p s  o f  a 

D i f f e r  en t S t i f f ne s s I '  . 
( c )  "Crack  T i p  S t r e s s  I n t e n s i t y  F a c t o r s  f o r  a Crack 

Approaching  a Hole C e n t e r e d  on I t s  P l a n e " .  

These  r e p o r t s  have p r e v i o u s l y  been t r a n s m i t t e d  t o  and 

d i s c u s s e d  w i t h  Mr. H a r d r a t h ,  t h e  G r a n t  M o n i t o r .  I t  
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h a s  been d e c i d e d  t o  combine t h e  t h r e e  i n t o  one r e p o r t  

f o r  p u b l i c a t i o n  t h r o u g h  N . A . S . A .  (Mr. Tada i s  c u r -  

r e n t l y  working  o n  t h e  new d r a f t  among o t h e r  t h i n g s ) .  

( 2 )  The work done a s  r e p r e s e n t e d  by Mr. L i n d e r ' s  M a s t e r ' s  

T h e s i s ,  " E x t r e m e l y  Slow Crack G r o w t h  R a t e s  i n  Aluminum 

A l l o y  7075-T6",  i s  s t i l l  i n  d r a f t  form a w a i t i n g  e d i t i n g  

and p e r h a p s  some r e w r i t i n g  p r i o r  t o  submission f o r  

p u b l i c a t i o n .  T h i s  w i l l  be a c c o m p l i s h e d  a n d  t r a n s m i t t e d  

t o  N.A.S.A. a s  t h e  p r e s s  o f  o t h e r  work p e r m i t s .  

C. WORK I N  PROGRESS 

Mr. H i r o s h i  Tada w i l l  be working  w i t h  Dr. Pa r i s  o n  t h e  

g e n e r a l  s u b j e c t  of  c r a c k  a r r e s t o r s ,  a n a l y z e d  bo th  by t h e o r e t i c a l  c a l -  

c u l a t i o n s  o f  t h e i r  e f f e c t i v e n e s s  and a s s e s s m e n t  o f  t h i s  e f f e c t i v e n e s s  

t h r o u g h  t h e i r  e f f e c t s  on f a t i g u e  c r a c k  g r o w t h .  Mr. Tada has  p r e v i o u s l y  

done s u c h  a n a l y s e s  b e f o r e  coming t o  L e h i g h ,  and w i l l  r e f i n e  them h e r e .  

T h e  e x p e r i m e n t a l  work i s  p lanned  t o  b e g i n  i n  J a n u a r y  1967 w i t h  t h e  

a v a i l a b i l i t y  o f  a l r e a d y  d e s i g n e d  t e s t  spec imens  a n d  t i m e  on t h e  nec -  

e s s a r y  t e s t i n g  mach ines .  

Mr. Weiskopf ,  t h e  u n d e r g r a d u a t e  r e s e a r c h  p a r t i c i p a n t ,  w i l l  

c o n t i n u e  working  w i t h  Dr. P a r i s  on some s p e c i a l  f r a c t u r e  t e s t s  o f  

7075-T6 of  a c o n f i g u r a t i o n  o f  i n t e r e s t  i n  t h e  t e s t i n g  o f  t h e  f a t i g u e  

c r a c k  g rowth  p r o p e r t i e s  of m a t e r i a l s  ( t h i s  e f f o r t  r e p r e s e n t s  a r a t h e r  

minor  e x p e n d i t u r e  unde r  t h e  g r a n t ) .  

Dr. P a r i s  h i m s e l f  i s  c o n t i n u i n g ,  a s  t i m e  p e r m i t s ,  t o  e x p l o r e  
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a n a l y t i c a l  models  o f  f a t i g u e  c r a c k  g rowth .  T h e  o b j e c t i v e  o f  t h e s e  

s t u d i e s  r e m a i n s  a s  p r e v i o u s l y  r e p o r t e d  t o  be deve lopmen t  of an i m -  

p roved  a n a l y s i s  o f  a c c u m u l a t i v e  damage i n  f a t i g u e .  R e s u l t s  t o  d a t e  

o n  t h e  e f f o r t  have been d i s c o u r a g i n g  and y e t  h o p e f u l  t h a t  a f r e s h  

f r u i t f u l  i d e a  w i l l  be f o r t h c o m i n g .  

D .  COMMUNICATION WITH T H E  G R A N T  MONITOR 

Dr. P a r i s  t r a v e l l e d  t o  N . A . S . A .  Lang ley  Resea rch  C e n t e r  f o r  

v i s i t s  w i t h  t h e  G r a n t  M o n i t o r ,  Mr. H a r d r a t h ,  on two o c c a s i o n s  d u r i n g  

t h e  p e r i o d  o f  t h i s  r e p o r t  

( 1 )  I n  O c t o b e r  1965 

( 2 )  I n  J u l y  1966.  

D u r i n g  t h e  win ter  and s p r i n g  o f  1965-66 ,  Dr. P a r i s  and Mr. H a r d r a t h  

met - or t a l k e d  by t e l e p h o n e  o n  numerous o c c a s i o n s  p r e c i p i t a t e d  by t h e i r  

common A . S . T . M .  Committee i n t e r e s t s ,  e s p e c i a l l y  i n  t h e i r  o r g a n i z a t i o n a l  

e f f o r t  on t h e  "Symposium on F a t i g u e  Crack  Growth" which t o o k  p l a c e  i n  

June 1966.  O n  t h e s e  o c c a s i o n s ,  i t  was q u i t e  n a t u r a l  t o  a l s o  d i s c u s s  

g r a n t  b u s i n e s s  f u l l y  so t h a t  has l e d  t o  a h i g h  deg ree  o f  communica t ion  

u n d e r  t h e  g r a n t .  

Moreover ,  Mr. H a r d r a t h  and Dr. P a r i s  b o t h  p a r t i c i p a t e d  i n  a 

two-week w o r k s h o p  o n  F r a c t u r e  Mechanics  i n  Denver ,  C o l o r a d o ,  i n  

A u g u s t  1966 ,  which has  l e d  t o  an a d d i t i o n a l  h i g h  d e g r e e  o f  communica- 

t i o n .  

In  a d d i t i o n ,  t h e  p r i n c i p a l  i n v e s t i g a t o r  has  a l s o  on a t  l e a s t  
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t h r e e  o c c a s i o n s  d u r i n g  t h e  p e r i o d  of  t h i s  r e p o r t ,  v i s i t e d  N.A.S.A. 

Lewis R e s e a r c h  Center on d i s c u s s i o n s  r e l a t e d  t o  b u t  n o t  d i r e c t l y  

on t h e  g r a n t  work. 

E .  FUNDING A N D  DURATION 

The c u r r e n t  b a l a n c e  o f  a b o u t  $10 ,000  a s  o f  December 1 w i l l  

be s u f f i c i e n t  t o  c a r r y  on t h e  g r a n t  a c t i v i t i e s  t h r o u g h  t h e  c u r r e n t  

p e r i o d  o f  t h e  g r a n t  ( e n d i n g  J u n e  3 0 ,  1 9 6 7 ) .  F u n d s  w i l l  be e x h a u s t e d  

a t  o r  a b o u t  t h a t  t ime. ( S i n c e  c u r r e n t l y  a l l  p h a s e s  o f  t h e  work a r e  

r e l a t i v e l y  new, c o n t i n u a t i o n  beyond June 1967 h a s  n o t  been d i s c u s s e d  

w i t h  t h e  G r a n t  M o n i t o r  o r  t h e  O f f i c e  of G r a n t s  and R e s e a r c h  C o n t r a c t s ,  

b u t  w i l l  be  e x p l o r e d  a t  an e a r l y  d a t e ) .  

Paul  C .  P a r i s  
P r i n c i p a l  I n v e s t i g a t o r  and  
P r o f e s s o r  of  Mechanics  
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